Abstract: Charged particle interactions with magnetic field magnitude changes lead to particle guiding center displacements and hence particle cross-field diffusion. We develop a diffusion model to apply to energetic ion interaction with magnetic field decreases detected by Ulysses at the polar regions of the heliosphere. The field decreases have minimum spatial scales sizes of 2-3 proton gyroradii and are typically bounded by tangential or rotational discontinuities. The distribution of the magnitudes of the field decrease is a continuum, with the smallest decrease being most frequent in occurrence. The largest decrease can be -80% of the ambient field. The thickness distribution is also a continuum, and is shown to be independent of the field magnitude decrease. One specific example is used to illustrate rapid particle cross-field diffusion due to interaction with the magnetic decrease (MD) structures.
INTRODUCTION
The Ulysses spacecraft passed over the polar region (-80") of the heliosphere for the first time in August 1994. The distance from the sun was 2.3 AU. Subsequent reports of the plasma and magnetic field measurements demonstrated that this region was dominated by a high-speed -750-800 km s" solar wind emanating from a polar coronal hole (Phillips et al., 1994) . It was also shown that these streams contain large amplitude ( G / B o -1 to 2) noncompressive Alfvin waves (Tsurutani et al., 1994 (Tsurutani et al., , 1995 Balogh et al. 1995; Goldstein et al., 1995) .
The purpose of this paper is to demonstrate that there is another type of solar wind microstructure at high latitudes. The properties of the microstructures will be studied, and the effects on energetic charged particle propagation and transport will be developed.
RESULTS
Figure 1 is a plot of one month of magnetic field data centered at the highest latitude attained by at the south pole. The three magnetic field components are given in a SH coordinate system, where 2 is radially outward from the sun, = 2 x b/ I 2 x h I where h is the rotation axis of the sun, and 2 forms the right-hand system. The field magnitude is given in the bottom panel.
The large amplitude fluctuations in the field components (top three panels) are primarily associated with Alfvin waves. The x, y, and z components have L-1 nT variations in a -1.2 nT magnetic field, so @/Bo -1 to 2. The bottom panel shows the large magnetic field decreases that is the focus of this paper. The field occasionally decreases to 0.2 nT (the plots are oneminute averages) or AIBIB0 -0.8. For simplicity we call these phenomena magnetic decreases or MDs. This is often the case. The discontinuities have been analyzed using the minimum variance method applied to the highest time resolution data (2s). The normal direction of the first discontinuity is oriented at 80" relative to the ambient magnetic field. The normal direction of the second discontinuity is 90" relative to the ambient field. The maximum field magnitude changes are from 1.25 nT to 0.8 nT for the first event and from 1.25 nT to 0.2 nT for the second event. AIBI/B, = 0.35 and 0.8, respectively. The discontinuities are thus tangential in nature. This MD is also bounded by sharp field magnitude decreases. The small discontinuity at 2 15 1:40 UT has a normal component oriented -49" relative to Bo. This appears to be a rotational discontinuity (RD) with a significant magnitude change (0.25 nT). The second discontinuity at -2153 UT has a normal e,, = 77". For the latter event, the field magnitude changes from a 1.0 nT to 0.45 nT, or AIBIB, = 0.55. This is a tangential discontinuity (TD).
The third example is given in Figure 2c , from -0652:40 to 0655:05 UT, September 3, 1994. The decrease is sharp at both edges of the MD. The normal angle e,, is 89" for the first discontinuity and is 88" for the second. The field is 1.5 nT both prior to the MD and after the MD. The field decreases to 0.3 nT is the first discontinuity and to 0.45 nT in the second. Both discontinuities are clearly tangential in nature. Here the B, component changes gradually across the MD.
However the B, component changes abruptly only at the second TD. Figure 3 gives the distribution of the field decrease within MDs. 129 MDs with field magnitude decreases of >20% were examined. The field decrease is noted to be continuous with the smallest decreases the most common. The exponential fit is determined to be 129e-.
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The thicknesses of the MDs were calculated from the expression = V, , T, , cos0,, , where Vsw is the measured solar wind velocity, T, , the "temporal thickness" of the MD and e,, the angle between the normal and the solar wind flow direction. The distribution of the thicknesses for the MDs in Figure 3 is given in Figure 4 . Forty-nine percent of all discontinuities have thicknesses less than 4 x lo4 km. The percent occurrence falls off with increasing thickness. In a 1.2 nT magnetic field, a 1 keV proton has a gyroradius of 6 x lo2 km. The minimum thickness of the MDs is 2-3 rp (not shown). Thus, half of the MDs have thicknesses between 2 and 7 rp. Particle -MD Interactions
We construct a particle diffusion model with the aid of some simplifying assumptions. These assumptions will be removed in further developments of the model. Figure 7 illustrates the basic geometry of the interaction. The particle gyrates in a uniform magnetic field Bo (into the paper) with gyroradius "r". The MD has a circular cross-section (simplification) of radius "a". The field within the MD is in the same direction as the ambient magnetic field direction, but with reduced intensity. The "impact parameter", the distance from the center of gyration to the center of the MD is "d".
Figure 8 shows how the charged particle-MD interaction will move the particle guiding center perpendicular to the magnetic field. The particle has its guiding center at point 0 and the particle impacts the MD at point PI. Due to the abrupt change in the magnetic field strength from Bo to BMD, the first adiabatic invariant is broken and the particle gyrocenter becomes point 0'. The new gyroradius r' is equal to r (Bo/BMD). The particle exits the MD at point P, with a new guiding center located at point 0". Note that through this interaction the particle gyrocenter has moved from point 0 to point 0". Below we will go through the geometry to determine the distance between points 0 and 0" . This value "h"is a function of r, a and d.
To work on the exact expression of cross-field motion of the guiding center requires a few figures and geometrical calculations. Figure 9 shows Figure 8 with the impact parameter split into two parts, "dl", and "d,". With a few intermediate steps it can be shown that the half chord length " e'' is equal to
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From simple geometry it can be shown that:
where e' is the half-chord length with the particle gyrocenter at point 0'. The expression for J?'
can be given from examining Figure 8 and using an analogous expression from equation ( 1 ) The above four expressions give the value h as a function of r, Bo, BMD, a and d.
In Figure 10 , we illustrate the motion of the particle guiding center versus the normalized impact 
